ABSTRACT Background: The cutoffs from the Centers for Disease Control and Prevention (CDC) growth charts and from the Cooper Institute (FitnessGram) are widely used to identify children who have a high body mass index (BMI). Objective: We compared the abilities of these 2 systems to identify children who have adverse lipid concentrations and blood pressure measurements and the reliability (consistency) of each classification system over time (mean follow-up: 7 y). Design: A cross-sectional analysis based on data from 22,896 examinations of 5-to 17-y-olds was conducted. Principal components analyses were used to summarize levels of the 5 risk factors, and likelihood ratios and the j statistic were used to compare the screening abilities of the 2 systems. Of these children, 3972 were included in longitudinal analyses. Results: There were marked differences in the prevalence of a high FitnessGram BMI by age, with the prevalence among boys increasing from 2.5% to 21% between the ages of 5 and 11 y. The identification of adverse risk factors by the 2 systems was only fair (j = 0.25), but there was little difference in the abilities of the CDC and FitnessGram cutoffs to identify high-risk children. Longitudinal analyses, however, indicated that the agreement between initial and follow-up FitnessGram classifications was substantially lower than that based on CDC cutoffs (j = 0.28 compared with 0.49). Conclusions: The FitnessGram and CDC cutoffs have similar abilities to identify high-risk children. However, a high FitnessGram BMI is difficult to interpret because the reliability over time is low, and the prevalence increases markedly with age.
INTRODUCTION
High values of body mass index (BMI; in kg/m 2 ) among children and adolescents in the United States continue to be a public health concern. Compared with thinner children, obese children are much more likely to become obese adults (1) and to have adverse lipid and lipoprotein concentrations and blood pressure measurements (2) . Some (3), but not all (4), investigators have found that high BMI values in early life are associated with an increased risk of premature mortality in adulthood.
Although the classification of adult overweight and obesity is based on BMI cutoffs of 25 and 30, respectively, the large changes in BMI values during growth make this approach unfeasible for children and adolescents. Various sex-and agespecific cutoffs (5) (6) (7) (8) , based on the distribution of BMI values among children in nationally representative data sets, have therefore been developed. About 17% of children and adolescents in the United States are considered to be obese on the basis of the 95th percentile of BMI in the Centers for Disease Control and Prevention (CDC) reference population (9) .
In contrast with these distributional cutoffs, BMI values based on associations with adverse risk factor levels have also been proposed (10) (11) (12) . The BMI cutoffs in FitnessGram, a widely used school-based assessment of fitness, activity, and body composition (13) (14) (15) (16) were developed by the Cooper Institute (17) and are based on an analysis of children examined in the Bogalusa Heart Study in 1983-1985 (18) . In this report, the sum of 2 skinfold thicknesses was converted to percentage body fat (19) , and the prevalence of adverse (upper 20%) risk factor levels was found to be highest among boys in the upper fatness category (25%) and among girls in the upper 2 fatness categories (30%) (18) . Subsequent publications used these cutoffs (or 32% for girls) to represent "critical" or "health-related" (11, 20, 21 ) levels of body fatness. BMI values corresponding to body fatness levels of 25% and 32% were developed and incorporated into FitnessGram as the upper cutoffs of the "Healthy Fitness Zone" (17) .
Nearly one-third of all states recommend or require the use of FitnessGram in schools (15) . Because some states use the Fit-nessGram cutoffs to determine the prevalence of children with a high BMI, whereas the cutoffs of the CDC growth charts are used by pediatricians and in the development of national estimates of overweight and obesity (9) , it is important to understand the differences between these 2 systems. We compared the prevalence of high BMI values based on these classification systems among 22,896 children and the ability of each set of cutoffs to identify children who have adverse risk factor levels. We also examined the reliability (consistency) over time of the 2 classification systems in longitudinal analyses of 3972 children.
SUBJECTS AND METHODS

Study population
Bogalusa is a biracial ('33% black) community in Washington Parish, LA. The objective of the Bogalusa Heart Study was to examine the natural history of cardiovascular disease and its risk factors among school-age children (22) . Several crosssectional studies were conducted between 1973-1974 (23) and 1992-1994; on average, each examined '3500 schoolchildren. Data from several of the substudies that were conducted during this period are also included in the current analyses. BMI values were available from 26,636 examinations conducted among 5-to 17-y-olds in Ward 4 of Washington Parish. Informed consent was obtained from all participants, and the study protocols were approved by human subjects review committees.
We excluded 729 examinations because the children did not have data for weight, height, or a risk factor and another 3011 examinations because the children had not fasted. This resulted in 22,896 examinations (from 10,805 children) available for most analyses. Of these children, 4704 were examined once, 2631 were examined twice, 1705 were examined 3 times, and 1765 were examined 4 times. Fasting insulin concentrations were first measured in 1981-1982, resulting in 10,647 values available for analysis.
We performed longitudinal analyses among children and adolescents who participated in 2 examinations; the first examination occurred between the ages of 5 and 9 y and the second between the ages of 10 and 17 y. If a child was examined more than once during each period, we used the first (ages 5-9 y) and last (ages 10-17 y) examinations. On average, the mean ages of the 3972 children in these longitudinal analyses were 7.1 y (first examination) and 14.0 y (last examination).
Examinations and laboratory determinations
Height was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg; BMI was calculated as kilograms divided by meters squared. BMI-for-age z scores and percentiles were calculated from the CDC growth charts (6, 24) ; the BMI values of 6-to 19-y-olds in these growth charts were obtained in 4 nationally representative studies that were conducted between 1963-1965 and 1976-1980 . (The growth charts also include data from 2-to 5-y-olds who were examined in 1988-1994.) Overweight is defined as a BMI-for-age between the 85th and 94th percentiles of this reference population and obesity as a value at or above the 95th percentile. Nineteen 17-y-olds in the current study with a BMI . 25 and a BMI-for-age below the 85th percentile were also considered to be overweight.
The BMI cutoffs used in FitnessGram were derived from skinfold-estimated levels of percentage body fat that were associated with an increased prevalence of adverse risk factors (25, 26) . In contrast with the CDC BMI cutoffs, which are given for each month of age, the Healthy Fitness Zone BMI cutoffs are given for each year of age (17, 27) . We refer to BMI values that are above the Healthy Fitness Zone as a "high FitnessGram BMI."
All chemical analyses were performed in the Bogalusa Heart Study Core Laboratory. Serum concentrations of total cholesterol and triglycerides were measured by using enzymatic procedures (Abbott VP; Abbott, North Chicago, IL). After the heparincalcium precipitation of LDL and VLDL cholesterol, the LDLcholesterol concentration was determined from the densitometric (electrophoretic) ratio and cholesterol content of the 2 lipoproteins (23) . Concentrations of HDL cholesterol were obtained by subtraction. Plasma insulin concentrations, which were used in secondary analyses, were measured by using a radioimmunoassay procedure (Phadebas Insulin Kit; Pharmacia Diagnostics AB, Uppsala, Sweden).
As previously described (22, 28) , right arm, sitting systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured 6 times by trained observers with a mercury sphygmomanometer (Baumanometer; WA Baum Co, Inc, Copiague, NY). This method resulted in blood pressures that were generally 5-10 mm Hg lower than those in other studies (28) .
Adverse risk factor levels
Because risk factor levels vary by sex and age, we defined an "adverse" level relative to a child's peers. Within each sex, concentrations of LDL cholesterol, triglycerides, and HDL cholesterol were regressed on age by using cubic splines with 5 knots; SBP and DBP were regressed on both age and height. Residuals from these models represent adjusted (for sex and age) risk factor levels. Additional analyses categorized concentrations of lipids and lipoproteins at widely used cutoffs, such as LDL cholesterol 130 mg/dL, triglycerides 150 mg/dL, and HDL cholesterol , 35 mg/dL (29) .
Principal components analysis (30) was used to derive an overall summary of adjusted SBP, DBP, and LDL-cholesterol, HDL-cholesterol, and triglyceride concentrations. The first principal component accounted for 36% of the variability in risk factor levels and was used as an overall summary of risk. The 90th percentile of this risk factor sum was used as the cutoff to denote a high overall risk. Correlations between the risk factor sum and adjusted levels of the risk factors ranged from r = 0.40 (DBP) to 0.77 (triglycerides).
Statistical analyses
SAS (version 9.2; SAS Institute Inc, Cary, NC) was used for data management, and analyses were performed with R (version 2.11.1) (31) . Characteristics of the sample were summarized by using means and SDs, and the prevalence of high BMI values based on the 2 classification systems (CDC growth charts and FitnessGram) was examined. Cross-sectional analyses focused on the association between a high BMI and adverse risk factor levels, and longitudinal analyses examined the reliability of the CDC and FitnessGram classifications of BMI values over time.
We also used lowess (32) to describe the prevalence of high BMI values by age and summarized the relation of body fatness to adverse risk factor levels.
In the cross-sectional analyses, we assessed the 1) positive predictive value (proportion of children with a high BMI who have an adverse risk factor level), 2) sensitivity (proportion of children with a risk factor who have a high BMI), 3) specificity (proportion of children with normal risk factor levels who have a normal BMI), and 4) percentage agreement [proportion of children whose risk factor level is correctly classified by BMI: (true positives + true negatives)/total n]. These statistics, however, have well-known limitations. For example, percentage agreement depends on the prevalences of exposure and disease (marginal probabilities). Furthermore, different cutoffs alter sensitivity and specificity in opposite directions.
We therefore focused on the positive likelihood ratio (LR+), the negative likelihood ratio (LR2), and j (33-36)-statistics that combine information from both columns of a 2 · 2 table. The LR+ is the probability of a high BMI among children who have adverse risk factor levels (sensitivity) divided by the probability of a high BMI among children who have normal risk factor levels (1 -specificity). The LR2 is the probability of a normal BMI among children who have an adverse risk factor level (1 -sensitivity) divided by the probability of a normal BMI among children who have normal risk factor levels (specificity). In general, a better test will have a higher LR+ and a lower LR2 than an inferior test (35) .
The j statistic is a measure of chance-corrected agreement, with one form defined as (percentage agreement -random agreement)/(1 -random agreement) (36) . The extent of agreement due to chance is calculated from the marginal probabilities. Because most (56%) of the children were examined 2 times, estimates of variability (SE) need to account for the withinsubject correlation. For these analyses, the 10,805 different children were considered to have been sampled with replacement (37), and each child was treated as a primary sampling unit. The SE of the j statistic was calculated with the survey package for R (38) .
RESULTS
The mean levels of various characteristics among the examined 5-to 17-y-olds are shown in Table 1 . Overall, '9% of the children were obese (BMI-for-age 95th percentile of the CDC reference population), 11-13% had a high FitnessGram BMI, and '21% had a BMI-for-age CDC 85th percentile. (These prevalences for overweight and obesity are lower than current US estimates because most children were examined in the 1970s and 1980s.) About 8% of the children had an LDL-cholesterol concentration of 130 mg/dL, 3% had a triglyceride concentration of 150 mg/dL, and 7% had an HDL-cholesterol concentration ,35 mg/dL.
Although the overall prevalences of CDC obesity (9%) and a high FitnessGram BMI (12%) were fairly similar, there were marked differences by age ( Figure 1) . Whereas the proportion of children considered to be obese varied from '6% (age 5 y) to 11% (ages 10 and 11 y), there was more than an 8-fold difference in the prevalence of a high FitnessGram BMI across ages. A high FitnessGram BMI was seen among only 2.5% of 5-yolds, but the prevalence was 21% among 11-y-old boys and 17.5% among 14-to 17-y-old girls. Compared with the CDC 95th percentile, the prevalence of a high FitnessGram BMI was lower among young but higher among older children.
These differences in prevalence were the result of the FitnessGram BMI cutoffs corresponding to very different CDC percentiles at various ages ( Figure 2 ). Among the youngest children (5-to 6-y-old boys and 5-to 7-y-old girls), the FitnessGram cutoffs were above the CDC 97th percentile. For example, the 97th percentile among boys 5.5 y age is 18.7, whereas the corresponding FitnessGram cutoff is 20. In contrast, among older children, the FitnessGram cutoffs are generally between the CDC 85th and 95th percentiles. The FitnessGram cutoffs are very similar to the CDC 85th percentile among 11-yold boys and 16-y-old girls. The (sex-and age-adjusted) correlation between BMI values and the risk factor sum was r = 0.37, and the abilities of the 2 classification systems to identify children with high levels ( 90th percentile) of the risk factor sum are shown in Table 2 . Compared with the FitnessGram cutoffs, the CDC 95th percentile had a lower sensitivity (30%, 690/2289) but a higher specificity (93%, 19,238/20,607) and positive predictive value (34%, 690/2060) in identifying children with a high risk factor sum (first and second set of rows in Table 2 ). The CDC 95th percentile also had a higher LR+: a child with a high risk factor sum was 4.5 times more likely to have a BMI CDC 95th percentile than was a child with a normal risk factor sum. The j statistic, a measure of chance-corrected agreement between BMI values and the risk factor sum, was 0.246 for both the CDC 95th percentile and a high FitnessGram BMI. The CDC 85th percentile (bottom rows) was the least accurate (lowest j) cutoff in identifying high-risk children, but the screening statistics were reduced only slightly. Additional stratified analyses indicated that the screening abilities of a high FitnessGram BMI and the CDC 95th percentile were similar among boys and girls and within various age categories (data not shown).
An examination of the individual risk factors ( Table 3 ) also indicated that the abilities of the CDC and FitnessGram cutoffs to identify high concentrations of lipids and insulin and high blood pressure were, for the most part, very similar. For example, of the 1913 children with an LDL-cholesterol concentration of 130 mg/dL, 21% had a BMI CDC 95th percentile and 26% had a high FitnessGram BMI, but the CDC 95th percentile was more (0.92) specific. For each of the 6 risk factors, the CDC 95th percentile had a slightly higher LR+ than did the FitnessGram BMI cutoff, but the FitnessGram cutoff resulted in slightly lower (better) estimates of LR-for most risk factors. With the exception of low concentrations of HDL cholesterol, the CDC 95th percentile also had slightly higher j values than did the FitnessGram BMI cutoffs. The differences between the 2 classification systems, however, were very small.
The cross-classification of BMI categories at the initial (mean age: 7 y) and follow-up (mean age: 14 y) examinations according to the 2 sets of cutoffs among 3972 children is shown in Table 4 . The positive predictive value was highest (0.86) for the FitnessGram classification, with 168 of the 195 children who had a high BMI at the initial examination also having a high BMI at follow-up. However, the sensitivity of the FitnessGram cutoffs was low: of the 810 children who had a high BMI at follow-up, only 168 (21%) had a high BMI at the first examination. In contrast, the sensitivities of the CDC cutoffs were 42% (95th percentile) and 53% (85th percentile), and the percentage agreement (0.91) was highest for the CDC 95th percentile. As assessed by the j statistics, the reliabilities of the CDC 95th (j = 0.49) and 85th (j = 0.55) percentiles were significantly (P , 0.0001) higher than that of the FitnessGram (j = 0.28).
DISCUSSION
Our results indicate that the abilities of the CDC growth charts and of FitnessGram are very similar in identifying children who have adverse levels of cardiovascular disease risk factors. The magnitudes of the screening statistics between high BMI values and risk factors were relatively low, with an overall j of 0.25, but there were only small differences between the 2 classification systems. Although the overall prevalence of a high BMI was fairly similar (9% with the CDC 95th percentile compared with 12% with FitnessGram), there were substantial differences by age, with a high FitnessGram BMI varying by .8-fold across ages. About 2% of the 5-y-olds had a high FitnessGram BMI, but the prevalence reached 21% among 11-y-old boys. This difference resulted from the similarity in FitnessGram BMI cutoffs at ages 5 y (BMI = 20) and 11 y (BMI = 21) among boys, and this also accounted for the low reliability (j = 0.28) of the FitnessGram classification over time. In contrast, the CDC 95th percentiles in the CDC growth charts differ by '5.6 (18.1 compared with 23.7) between 5-and 11-y-old boys. Values of j for the CDC BMI cutoffs were 0.49 (95th percentile) and 0.55 (85th percentile) in the longitudinal analysis.
These large differences in the numbers of children considered to have a high BMI based on FitnessGram could be problematic if young children were followed over time, as in an obesity prevention study, or if groups with differing age distributions were compared. The older sample would almost certainly have a higher prevalence of BMI values above the Healthy Fitness Zone. For 1 CDC and FitnessGram cutoffs are from references 6 and 17, respectively. LR+, positive likelihood ratio; LR2, negative likelihood ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides. 3 SEs are shown in parentheses. 4 Number of subjects who had a high level of the specified risk factor. The total n is 22,896 for all risk factors except insulin (n = 10,647).
example, additional analyses of 625 children who were initially examined as 5-to 7-y-olds in the 1973-1974 examination in Bogalusa and who were re-examined in 1978-1979 indicated that the prevalence of a high FitnessGram BMI increased from 2% to 12%. In contrast, the prevalence of BMI values greater than or equal to the CDC 95th percentile increased only slightly (from 5% to 7%) among these children. Because the classification of BMI values based on the 2 sets of cutoffs can differ substantially (Figures 1 and 2 ), there may be confusion among children whose BMI is classified by physicians (using the CDC growth charts) and by schools (FitnessGram). Although BMI is suggested as an alternative method for assessing body composition in FitnessGram and is widely used (13, 14) , the estimation of body fatness by skinfold thicknesses (triceps and calf) is recommended (17, 25) . Various publications assert that the FitnessGram cutoffs for percentage body fat of 25% (boys) and 32% (girls) establish a "healthy fitness zone" (11) , are "criterion-referenced" (39) , represent "critical levels of body fat" (18) , or are "level[s] of fitness needed for good health" (40) . It is, however, important to understand the development and limitations of these cutoffs, which are based on results from the Bogalusa Heart Study (18) . In this analysis of 3320 children, body fatness was estimated from sex, age, race, and the thicknesses of the subscapular and triceps skinfold thicknesses, and the prevalence of adverse risk factor levels (top quintile) was then contrasted across 5 categories of percentage body fat (18) . Among boys, the cutoff for the upper category of body fatness was 25%, whereas cutoffs for the 2 highest categories among girls were 30% and 35%. In addition to the large errors involved in the measurement of skinfold thicknesses and their conversion to body fatness (41) (42) (43) , the 1992 analysis examined only a single categorization of body fatness. Subsequent publications have used 32% as the upper boundary of the Healthy Fitness Zone among girls (27, 44) .
Additional analyses of data from the Bogalusa Heart Study emphasize the difficulties in identifying a single cutoff for body fatness based on associations with adverse risk factors. The prevalence of a high risk factor sum by levels of body fatness, estimated from the equations given by Williams et al (18) , is shown in Figure 3 ; this analysis was limited to 14,106 children who had measurements of both subscapular and triceps skinfold thicknesses. Each circle represents the mean level of percentage body fat (x axis) and the prevalence of an adverse risk factor sum (y axis) for groups of 300-310 children; the smooth lines were calculated by using lowess. It is not obvious why 25% (boys) and 32% (girls) are more appropriate cutoffs than are other values of body fatness in the range corresponding to the increased slope. Furthermore, although the BMI cutoffs in FitnessGram were derived by identifying the corresponding percentiles of skinfold 2 Screening characteristics for BMI 95th percentile were calculated as follows: +predictive value = 211/286; sensitivity = 211/502; specificity =3395/ 3470; LR+ = sensitivity/(1 2 specificity); LR2 = (1 2 sensitivity)/specificity; odds ratio = LR+/LR2; percentage agreement = (211 + 3395)/3972 = 0.91. The expected agreement due to chance is (286 · 502/3972 + 3686 · 3470/3972)/3972 = 0.820, so that j = (0.908 -0.820)/(1 -0.820) = 0.489.
3 SEs are shown in parentheses.
FIGURE 3. Relation of percentage body fat to the prevalence of a high risk factor sum among 7025 boys and 7081 girls in the Bogalusa Heart Study who had measurements of both subscapular and triceps skinfold thicknesses. Each circle represents the mean percentage body fat and the prevalence of a high risk factor sum for groups of 300 children. The smoothed lines were calculated by using lowess with a span of 2/3. The dashed vertical lines are the FitnessGram (17) cutoffs of 25% (boys) and 32% (girls) body fatness.
thicknesses and BMI values in data from the National Health and Nutrition Examination Survey (25, 26) , the advantage of estimating BMI cutoffs from skinfold thicknesses is unclear. BMI values among children are as strongly correlated with risk factor levels as are skinfold thicknesses (45) (46) (47) .
Although other investigators (10, 12) have proposed body fatness cutoffs based on biological endpoints, the inherent uncertainties and assumptions involved in these classification systems have been recognized. Higgins et al (12) recommended that 2 cutoffs be used: an upper cutoff (33% body fatness) to identify children who are likely to have adverse levels and a lower cutoff (,20% body fatness) to identify children unlikely to have adverse levels. These investigators also acknowledged that the underlying association with disease risk might make it impractical to identify a single cutoff (12) . Additional analyses of various BMI percentiles in the current study indicated that any cutoff between the CDC 85th and CDC 97th percentiles yielded j values of .0.22, with the maximum value (j = 0.249) occurring at the CDC 92nd percentile. It would also be expected that the optimal cutoff of any classification system would vary according to the specific outcomes that were examined, whether cross-sectional or longitudinal associations were examined, the prevalence of the adverse outcome, and various characteristics of the sample (eg, race-ethnicity).
Although based on the statistical distribution of BMI values by sex and age, levels of BMI-for-age in the CDC growth charts are associated with increased body fatness, adverse risk factor levels, and adult obesity (2, (48) (49) (50) . Our results indicate that the CDC cutoffs for overweight (85th percentile) and obesity (95th percentile) identify high-risk children as well as do the FitnessGram cutoffs; furthermore, the CDC cutoffs are more reliable (consistent) over time. Although the accuracies of the various screening statistics for the identification of children with adverse risk factor levels were relatively low, concentrations of fasting insulin, which show the strongest association with body fatness, were available for only '50% of the sample and were not included in the risk factor sum. Furthermore, our adjustment of SBP and DBP levels for height substantially reduced the magnitude of the association with BMI. Additional analyses of the risk factor sum, including concentrations of fasting insulin and no adjustment of blood pressures for height, resulted in j = 0.35 (CDC obesity) and 0.32 (FitnessGram) .
Several limitations of the current study should be considered. Our findings are based on children and adolescents of Bogalusa, LA, who were examined between 1973 and 1994, and the observed prevalence of obesity (9%) was substantially lower than the 19% currently seen among 6-to 19-y-olds in the United States (9) . It is unlikely, however, that these different prevalences would substantially alter the associations between adverse risk factor levels and high BMI values. Furthermore, because the FitnessGram cutoffs for body fatness are also based on data from the Bogalusa Heart Study (18) , it might be expected that the current analyses would favor FitnessGram.
The CDC BMI cutoffs are used by many physicians and in the development of national estimates (9), but nearly one-third of all states either recommend or require that FitnessGram be used in schools (15) . Although the main goal of FitnessGram is to facilitate fitness education, some states also use the data for surveillance. About one-third of 1.4 million schoolchildren in California (13) and one-third of the 2.4 million schoolchildren in Texas (51) have a BMI that is not in the Healthy Fitness Zone. Our results, however, indicate that the FitnessGram BMI cutoffs are no more accurate than the CDC 95th percentile in identifying high-risk children. In addition, because the prevalence of a high FitnessGram BMI increases markedly with age and this classification has low reliability over time, the FitnessGram classification of BMI can be difficult to interpret.
